Abstract. The aim of this study was to use the near infrared spectroscopy for predicting the gross calorific value (GCV) and ash content (AC) of recycled sawdust from mushroom cultivation. The wavenumber was in range of 12500-4000 cm -1 with the diffuse reflection mode was used. The NIR models was established using partial least square regression (PLSR) and was validated via using full cross validation. GCV model provided the coefficient of determination (R 2 ), root mean square error of cross validation (RMSECV), ratio of prediction to deviation (RPD), and bias of 0.90, 445 J/g, 3.19 and 4 J/g, respectively. The AC model gave the R 2 , RMSECV, RPD and bias of 0.83, 1.7000 %wt, 2.44 and 0.0059 %wt, respectively. For prediction of unknow samples, GCV model provided the standard error of prediction (SEP) and bias of 670 J/g and -654 J/g, respectively. The AC model gave the SEP and bias of 1.84 %wt and 0.912 %wt, respectively. The result represented that the GCV and AC model probably used as the rapid method and non-destructive method.
Introduction
Mushroom, one of the most popular and a valuable edible fungus is highly appreciated in human diet because of its delicacy, texture and extreme amounts of proteins, minerals and bioactive compounds [1] . In Thailand, many cultivated mushrooms are well-established consumer acceptance such as Auricularia spp., Volvariella volvacea, Pleurotus sajor-caju [2] [3] [4] . Para rubber tree (Hevea brasiliensis) sawdust are used for mushroom cultivation popularly in Thailand due to the rubber tree sawdust is large waste from the local furniture industry [5] . Most of the time, the sawdust after mushroom cultivation is often reused to fertilizer, and it is either piled up in fields for a slow degradation. The recycle of these agricultural waste materials may help to improve the regional economies of the country.
Biomass are forms of renewable energy directly derived from organic materials such as plants, fastgrowing trees and agricultural residues and waste. The most important characteristic of biomass is used to design planning and operation of thermal power plant is the energy content (heating value). The heating value defines how biomass is used to achieve process efficiency. Heating value can be divided into higher heating value (HHV) or gross calorific value (GCV); and lower heating value (LHV) or net calorific value (NHV). The bomb calorimeter is instrument for determination of the GCV. Ash (A) content is one of the largest problems of Biomass combustion. In combustion process, AC often called slagging and fouling deposit. These problems have negative impacts on the boiler, such as reducing the heat exchange and boiler efficiency [6] . The AC has a negative effect on the GCV, increasing 1% in A of wood fuels decrease a 0.2 MJ kg -1 in its GCV [7] [8] . Nowadays, the AC can determine with dry ashing method. However, both standard methods for the determination of GCV and A require long analysis times and highly skilled technicians, and they are destructive to samples. Consequently, a novel analytical method that is fast, easy and non-destructive for evaluating GCV and AC of recycled sawdust is highly sought after within biomass processing.
Near infrared spectroscopy (NIRs) have been used to evaluate properties of biomass in many researches. GCV of various biomass was successfully predicted using NIRs such as millet [9] , leucaena leucocephala [10] , jatropha curcas kernels [11] , and straw [12] . In addition, Fagen et al. [13] studied application of NIRs for measuring moisture content, gross calorific value (GCV), carbon (C) and ash content (AC) of two dedicated bioenergy crops which results of their showed performance of NIRs technique to evaluate these properties. Therefore, the NIRs is interesting technique to apply for GCV of recycled sawdust evaluation. The aim of this study was to the use of near infrared spectroscopy for predicting the 
Material and method

Sample preparation
The recycled sawdust samples obtained from mushroom cultivation of 3 breeds which are Indian oyster (Pleurotus pulmonarius), Bhutan oyster (Pleurotus pulmonarius) and Poplar (Agrocybe aegerita). All samples were sawdust of Para rubber tree. The samples were collected from 16 mushroom farms in Nakhon Pratom province. Two samples were kept on each farm. Therefore 32 samples were for calibration set. These samples were used for modelling. After modelling, 10 samples of recycled sawdust were collected from Ratburi district which were defined to external validation set (unknow samples). Hence the total sample equal to 42 samples (32 for calibration set and 10 samples for external validation set). All samples were dried by a hot air oven (Memmert, model ULM 500, Germany) at 105 °C until got constant weight. After that, it was kept at the room temperature for 5 days to balance relative humidity and kept in aluminium bag for experiment.
NIR spectra scanning
Each sample was poured into sample cup, dimension was 35 mm of height and 50 of diameters. The samples were scanned using Fourier-Transform Near Infrared spectrometer (Bruker Ltd., Germany). The scanning condition was: diffuse reflectance mode, wavenumber range between 12500-4000 cm -1 (800-2500 nm), 32 scans per sample with a resolution of 8 cm -1 , at room temperature of 25±2 ºC, and absorbance of log 1/R unit where R is reflection of NIR radian from the sample. The sample at the bottom of the cup, it was irradiated by NIR radiation, was obtained to determine the reference data i.e. GCV and AC since it contained more NIR spectral information. It was kept in plastic bag for experiment.
Gross calorific and ash content analysis
After scanning, about 0.5±0.1 g sawdust sample was compressed into pellet which used to determine GCV and carried on by bomb calorimeter (c200, IKA, Germany). Each sample was done duplicate and averaged to be one. After burning, AC was calculated by
where wa is weight of solid residue after burning (g) and ws is weight of sample before burning (g).
Repeatability and maximum (R max
)
Accuracy of reference method was determined as repeatability (Rep). Rep is the standard deviation between duplicate, it is the error obtained from man, machine, and method. Rep was also applied to calculate the maximum coefficient of determination (R max 2 ), it was calculated as followed Dardenne [14] .
SDy is standard deviation of reference data. As seen the equation, R max 2 is high when either high SDy or low Rep. The R 2 will be highest if there is no spectral error [14] .
NIR spectroscopy modelling
The total samples of 32 were used for model development.
The PLS technique was used as mathematical algorithm and validated by full cross validation. The NIR spectra either non-preprocessed or preprocessed were applied. ), root mean square error of estimation (RMSEE), root mean square error of cross validation (RMSECV), ratio of prediction to deviation (RPD) and bias. After model development, to ensure that whether model can predict the further sample. NIR spectroscopy models was tested again by the 10 samples of external validation set or unknow samples. The NIR spectroscopy models were performed using the multivariate statistical software of OPUS software V. 7.0.129 (Bruker Optik GmbH, German). 
Results and discussion
GCV and ash content of sawdust
when X is AC (%wt) and Y is GCV (J/g). Repeatability and R max 2 including calibration set and unknown sample were illustrated in Table 2 . It was found that the capacity of NIR spectroscopy can give the R max 2 of 0.98 and 0.90 for GCV and AC, respectively. [15] ; 2×O-H deformation + 2×C-O stretching of starch [16] ; and lignin [15] . Fig. 2 . NIR spectra of sawdust samples. Table 3 gave the result of PLS model predicted the GCV and AC. The optimal model for GCV was generated by wavenumber range of 7502.2-4597.7 cm -1 , using the preprocessing method of 1 st derivative + MSC, and PLS factor of 7, the r 2, RMSECV, RPD and bias were 0.90, 445 J/g, 3.19, and 4 J/g, respectively. Meanwhile, AC model was developed using wavenumber range of 6102-5446.3 cm -1 without preprocessing, and PLS factor of 5, r 2 , RMSECV, RPD and bias were 0.83, 1.7 %wt, 2.44 and 0.006 %wt, respectively. r 2 and RPD were recommended by Williams [17] , r 2 was 0.83-0.90, the model could be used with caution for most application, and 0.66-0.81 could be used for screening and approximating, meanwhile, RPD between 3.1-4.9 used for any application and 2.4-3.0 for rough screening. Hence the GCV model could be used with caution for most application while AC model could be used for screening and approximating. However, the ratio between bias and its mean were approximately 0.025% (4 J/g to 14590 J/g) for GCV model and 0.055% (0.006%wt to 10.619 %wt) for AC model, their error was very small. Hence, the author recommended that it was acceptable for screening. Fig. 3 represents scatter plot between calibration set and validation set by full cross value validation of GCV and AC, respectively. 4a and 4b showed the regression coefficient plot and X-loading of GCV model. The obvious peaks were at around 5419-4597 cm -1 (1845-2175 nm), related to starch (1960 and 2100 nm), C-O stretch combination (2100 nm); asym C−H stretch/C−H deformation combination of HC=CH (2170 nm) [18] . As we know, AC is the inorganic material, there is no interaction with NIR radian. Author opinions that NIR spectroscopy can predict AC because the inner relationship between AC and GCV was used to generate with mathematical algorithm. Fig. 4c and 4d illustrated the regression coefficient plot and X-loading of AC model. The wavenumber range between 6102-5402 cm -1 (1638-1851 nm) was optimal, this band covers the vibration band of aromatic (1685 nm), CH3 (1695 nm and 1705 nm), CH2 (1725 and 1765 nm), cellulose (17810 and 1820 nm), and water (1790 nm) [18] . The regression coefficient plot and X-loading of any wavenumber is high, means its vibrational band strongly effect to the prediction of predicted value. 
NIR spectroscopy modelling
Prediction of unknow samples
Fig .5 shows the measured value, predicted value, and target line of unknown sample obtained from various area, the total sample was 10. The performance gave the SEP and bias of 671 J/g and -654 J/g for GCV model, respectively, while AC provided SEP and bias of 1.840 %wt and 0.912 %wt, respectively. 
Conclusion
As seen the results, shows that NIR spectroscopy could be used as rapid and non-destructive for quality assurance and the prediction of GCV and AC content of sawdust. The model for GCV and AC gave a superior performance with validated by the full cross validation. To ensure the capacity of calibration model, the unknown sample collected from different sawdust milled plant were used to test. The performance for predicting unknown sample set was acceptable for screening. The meaning was that unknown sample is the representative population for future. This research was useful for qualitative screening the biomass to the thermal conversion plant.
